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Abstract
Whether stock prices can be accurately forecasted or not is usually associated with whether
markets are efficient or not. The idea of market efficiency suggested by the Efficient Market
Hypothesis has been debated among financial professionals for a long time, especially due to the
occurrence of financial bubbles in the past. Some argue that stock prices prediction is no
different than the results of “a series of tosses of a coin, rolls of a die, or spins of a roulette
wheel,” while others argue that stock prices are affected by past patterns, which can be used to
forecast future prices [11]. Although a concrete answer has yet to be found on the behavior of the
stock market, researchers have continued exploring the topic and have established various
quantitative models for forecasting, one of which is clustering. This paper evaluates the
application of the clustering method of stock forecasting by analyzing the financial statements of
technology companies over a period of four years.
Keywords: stock prediction, clustering
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1. Introduction
Stock market prediction is a complex topic. It requires analyzing a lot of past and present
data. With markets fluctuating every now and then, the amount of information is only increasing
day by day. So, there are more chances that predictions will fail if our understanding of the huge
amount of available data is not aided by analyses using accurate mathematical methods. Among
many prediction methods that are mathematical, clustering is one of them, and it is used to
identify patterns and behaviors using correlations as measure of similarity. The application of
clustering is interpreted differently by various studies depending on the data and outcomes of the
study, but it is believed to have yielded consistent results in most cases when applied with stocks.

1.1 Background
1.1.1 Efficient Market Hypothesis
The Efficient Market Hypothesis (EMH) is an investment theory which states that stock
markets are efficient and reflect all information about individual stocks and the stock market in
general [2, 5]. The theory is related to the idea of a “random walk,” which suggests that prices
move randomly [5]. The reasoning behind the random walk idea is that if information about a
company flows in the market without hindrances and it quickly gets reflected in the stock prices,
then tomorrow’s prices will reflect only tomorrow’s news and will not depend on the prices
changes today [5]. Since tomorrow’s news is unpredictable, stock price movements must also be
unpredictable and random [5]. Hence, prices fully reflect all known information, and therefore,
investors, neither through technical analysis, which is the study of past price movements to
predict future price movements, nor fundamental analysis, which is the analysis of financial
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information such as asset values and profit margins, can obtain future information that helps to
pick ‘winning’ stocks and achieve returns that are higher than average without taking
comparable risk [5].
The rational expectations set by the EMH was believed by many around the 1970s until
behavioral economists started questioning it due to the occurrence of anomalies that did not quite
fit with the idea of the efficient markets theory [10]. Economists who analyzed the psychological
and behavioral aspects of finance argued that the EMH did not explain market irrationalities such
as the crash of 1987 and the internet bubble of the 1990s enough. Some of these economists, by
studying the psychological elements of stock prices, even claimed that future prices are
somewhat predictable based on the past patterns and some fundamental valuation metrics, which
may allow investors to select stocks that can provide risk-adjusted returns [5].
These two opposite arguments have sparked debates on market efficiency and its
predictability for many years. Today, the two components of the EMH- 1) stock prices quickly
reflect all relevant information, and 2) if part 1 is true, investors cannot select ‘winning’ stocks
and beat the market, are argued separately. Some experts agree with the first part, whereas some
disagree, but even those who disagree with the first part would agree with the second part
because investing in stocks that perform better than the market average appears to be difficult.

1.1.2 Forecasting in Stock Market
Regardless of the controversies in the stock market theories, forecasting is considered
important by many in future decision making. Past patterns have been useful in detecting future
behaviors. Investors such as Warren Buffet have forecasted prices that have eventually turned
out to be true and have been outperforming the markets for many years. Although the success of
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these investors is debated as being chance events by proponents of the EMH, it certainly does not
appeal in the same way to the opponents, which is why complex mathematical models like
clustering have been developed.

1.2 Cluster Analysis
Cluster analysis is the method of grouping objects into similar and dissimilar groups so
that objects in one group are similar to one another and are different from the objects in other
groups [6]. There are typically two methods of clustering: hierarchical and partitional clustering.
This paper uses hierarchical clustering, which is based on the relationship between the two
nearest clusters and, unlike other clustering, the data sets “are not partitioned into a particular
cluster in a single step.” Rather, they go through a series of partitions, from “a single cluster
containing all objects to N clusters each containing a single object” [6].

2. Related Work
Patterns drawn from clustering have been used in the past to effectively forecast stock
prices. Babu et al. (2012) have suggested that clustering can be helpful for investors in finding
the interrelationship between the long term underlying trends of stock prices that is normally
hidden by the short-term fluctuations. Lee et al. (2010) have analyzed the role of clustering in
investigating the relationship between financial reports and short-term stock prices and have
recommended better techniques for better predictions. Similarly, several other studies have
suggested that clustering is valuable in time series forecasting and has produced good results.
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3. Hypothesis
The objective of this paper is to see if clustering can be used to beat the market. So, based
on the objective, below are the null and the alternative hypotheses:
Null Hypothesis: There is no difference in the amount of profit that can be earned using
clustering.
Alternative Hypothesis: There is a difference in the amount of profit that can be earned using
clustering.

4. Methodology
The primary method used for this project is data collection and analysis. Information
from the financial statements are used to predict the profit margin.

4.1. Financial Statements
Financial statements contain information such as the assets, liabilities, equity, cash
inflows and outflows, revenues, income/loss, and profits of a company. It comprises three parts:
Balance Sheet, Income Statement, and Cash Flow Statement. The Balance Sheet provides an
overview of a company’s assets, liabilities, and shareholder’s equity; the Income Statement gives
an overview of revenues, expenses, net income, and earnings per share; and the Cash Flow
Statement combines both and gives an overall picture of the operating, investing, and financing
activities of a company. Such information is considered useful when determining the worth of a
company for investment. Studies suggest that financial statements can identify fundamentals that
are not visible in prices, and there exists a relation between stock prices and earnings of a
company, which could be used for making informed investments decisions. [6].
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The information from financial statements can be interpreted differently as it can infer
multiple things. In this paper, the information is used as a similarity measure to group companies
into clusters. Grouping of companies based on financial performance gives investors a general
idea of which companies perform better financially, and this could be a valuable information
while selecting companies to invest in.

5. Discussion of data
In a perfect world, 60 companies are required to get sufficient results so that two groups can
be formed with 30 companies in each group. Also, it is preferred that the companies be in the
same industry to make relevant comparisons. Hence, 60 top performing technology companies
traded on the New York Stock Exchange (NYSE) and the National Association of Securities
Dealers Automated Quotations (NASDAQ) were randomly selected and following information
from their financial statements from 2014 to 2017 was recorded on a spreadsheet:
i.

From balance sheet: cash, current assets, fixed assets, current liabilities, long term
debt, and equity.

ii.

From income statement: Earnings Before Interest and Taxes (EBIT) and profit
margin.

Large corporations have their financial statements publicly available in various websites.
Because it is simple and easier to navigate, Google Finance was used to gather the data for this
study.
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5.1. Common Size Financial Statements, Financial Ratios, and Time Series
Data
Common size financial statements are ideal when making comparisons between
companies of different sizes [9]. They provide a picture of how a company is doing in terms of
total assets and total revenues, and what the numbers compare to other companies in the same
industry or in different industries of different sizes. In other words, the “common-size”
statements can be used for both “intercompany” and “intracompany” comparison [9]. The
numbers in the financial statements are converted to percentages so that there is a common base
[8]. The total of assets or liabilities and capital are assumed to be 100%, and rest of the financial
items such as cash, current assets, and current liabilities are then calculated as percentage of total
assets and/or total liabilities or equity. Similarly, in the income statement, total revenues/sales are
assumed to be 100%, and items such as profit margin and Earnings Before Interest and Taxes are
computed in relation to the total revenue. For instance, Facebook, one of the companies used in
this study, had total cash of 2.15 billion, total assets of 39.96 billion, current liabilities of 1.42
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billion, and total liabilities of 3.87 billion in 2014. When converted to percentages, this means
that cash was 5.39% of total assets and current liabilities was 36.80% of total liabilities, which
suggests that Facebook had significantly higher percentage of current liabilities than percentage
of cash in 2014. Similar comparisons can be made between two or more companies by
comparing the percentages of financial items. For this study, cash, current assets, fixed assets,
current liabilities, long-term debt, equity, EBIT, and profit margin were converted to their
respective percentages and a common size financial statement of the 60 companies was created.
The amounts that are converted into percentages can also be called financial ratios.
Financial ratios give “the numeric outcome obtained by dividing one financial data with other
and is used to express the relativity of different financial variables” [9]. The difference between
common size statements and financial ratios is that the calculation of financial ratios uses data
from one, two or more financial statements, whereas the common size statement typically uses
data from the same financial statement for which it is being computed. In other words, a common
size balance sheet will have items from the balance sheet only and a common size income
statement will have items from the income statement only, unlike in the case of a financial ratio
such as total assets turnover ratio, which is computed by dividing total sales by total assets, using
information from both the income statement and the balance sheet. In this study, there are no
ratios calculated from multiple financial statements, so the terms- common size statements and
financial ratios may be used interchangeably.
The collected data includes a time horizon of four years, so there are some patterns that
provide additional information about the performances of the selected companies over the years.
Analysis done by looking at the data from several years or quarters is known as time series
analysis [9]. Time series technique can be used for forecasting future values or prices, in which it
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utilizes current data to make accurate predictions about future unknown data values [3]. The
information obtained through this technique can be valuable to investors estimating their future
returns.
In this paper, financial ratios, common size statements, and time series data serve as a
basis to group the companies into clusters. Statistical tools are utilized to explain the behavior of
the ratios and the compiled financial data.
Figure 2: Sample of the Common size statement (2014-2017)

6. Data Analysis
Because the clustering software was not able to comprehend partially available data, 13
companies that had one or more unavailable amounts for financial items were taken off the list.
Hence, only 47 companies out of the 60 contributed to the results.

6.1 Clusters
With the financial data from 2014 to 2016, two big clusters were formed; one with 41
companies (Group 1) and another with only 6 companies (Group 2). These groups are very
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uneven as there is a big difference in the number of companies present in the two groups. The 6
companies are very different from the companies present in the other group.
Figure 3: Dendrogram of the clusters (1st dataset)

Figure 3 shows the formation of clusters of 47 companies of which financial ratios were
entered in the software. As can be seen in the figure, Intuit and Electronic Arts (EA) are in one
cluster, which means that they share more similar characteristics with each other than with IBM,
Oracle, Intel, or any other company. Same applies to other companies in the clusters. And,
although there are several clusters formed, there are two big clusters that look very distinct than
the other clusters. A t-test is run between these two clusters and following results are obtained:
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Variable: Cash

Variable: Current Assets

Variable: Fixed Assets

Cluster

Mean

Cluster

Mean

Cluster

Mean

1

18.91372

1

54.60374

1

24.18187

2

13.28407

2

39.50438

2

108.8208

Total

18.19504

Total

52.67616

Total

34.98684

t = 0.8577

t = 2.0983

t = -9.2135

Pr (|T|>|t| = 0.3956

Pr (|T|>|t| = 0.0415

Pr (|T|>|t| = 0.0000

Variable: Current Liabilities Variable: Long-term debt

Variable: Equity

Cluster

Mean

Cluster

Mean

Cluster

Mean

1

51.52622

1

28.93337

1

52.82331

2

40.74749

2

42.14025

2

47.32542

Total

50.15021

Total

30.61935

Total

52.12146

t = 1.2518

t = -1.4883

t = 0.6167

Pr (|T|>|t| = 0.2171

Pr (|T|>|t| = 0.1436

Pr (|T|>|t| = 0.5405

Figure 4: T-distribution curve
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Companies in Group 1 have slightly more cash, current liabilities, and equity, slightly
less long-term debt but significantly more current assets and significantly less fixed assets than
companies in group 2. Having more cash and current assets generally means that a company is
more liquid and can recover quickly in case of bankruptcy. More current liabilities and more
equity infer that a company has more short-term obligations and more ownership of assets
respectively. Less fixed assets indicate that a company might be under-invested in plant,
property, and equipment, whereas less long-term debt indicates that a company may be paying
less interests, which can be good as the money can be allocated to other important areas of
business.
The summary of the results in the balance sheet below provides overall view of the
financial items in the two groups:

*The items with statistically significant differences is marked with a plus or a negative sign.
As seen in the above table, the significant differences are only on the assets side. Among
the two groups, the difference in the amount of cash, current liabilities, and equity are not
statistically significant as the t-values fall within the limits. With 95% confidence interval, for
the variables to be statistically significant, their t-values should not fall under the limits of the
curve, i.e. the values should be either lower than -1.96 or higher than 1.96 (represented by the
shaded area in Figure 4). Cash, C.L., and equity have t-values of 0.86, 1.25, and -1.49
respectively, hence have no statistically significant differences in the average amounts. Current
assets and fixed assets, however, have respective t-values of 2.10 and -9.21, both of which fall
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beyond the limits of the curve, thus resulting in statistically significant differences in the average
amounts of the financial items.
In summary, the clustering categorized the companies into two distinct groups and the
companies in these groups vary by the use of their assets. Next, we see if this difference in assets
leads to the differences in profit margins.

6.2 Profit Margin Prediction
First Dataset:
Financial ratios from 2014 to 2016 were used to categorize the companies into clusters to
predict the profit margin for 2017. T-test was run and following information on profitability was
obtained for the two groups:

Variable: Profit Margin
Cluster

Mean

1

55.34264

2

44.61156

Total

53.97272

t = 1.2974
Pr (|T|>|t| = 0.2011
The above table shows that Group 1 has higher profit margin on average than group 2. If
there is no significant difference in the profit margin, there is a 95% chance that the t-score will
be between 1.96 and -1.96. With the computed t-score of 1.2974, our results show no statistically
significant difference in the amount of profit that can be earned. So, if investors were to invest in
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these companies, their returns would likely not vary by exceedingly high amounts between the
two groups. In other words, the average return being slightly higher in group 1 does not make a
huge impact statistically.
Second Dataset:
To see if any major difference can be found with the alteration of available data, another
t-test was run. This time, financial ratios from all four years: 2014, 2015, 2016, and 2017 were
considered. A more balanced group was formed, with 20 companies in one group and 17 in the
other group.
The results, however, were not very different than that of the first dataset.
Variable: Profit Margin
Cluster

Mean

1

60.23522

2

51.3737

Total

53.97272

t = 1.4101
Pr (|T| > |t|) = 0.1673
The t-value is slightly higher than that of the results of the first dataset, but it still lies
within the limits in the curve. The probability of beating the average profit margin is only about
17%. Hence, no statistically significant difference in profitability between the clusters was found
with the additional data from 2017.
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Third Dataset:
A Duda-Hart stopping rule was run to find the optimal number of clusters, that
maximizes between groups differences and minimizes within group differences. The results are
summarized below:

*Obs = No. of companies
Chi-squared = 6.236, d.f. = 4
Probability = 0.1822
The program categorized the companies into 5 clusters this time, which seems to fit the
data well because the groups are more evenly divided. However, even with the more balanced
clusters, the probability of earning a profit statistically higher is still very low (with a Chi-square
of 6.24 and p-value of 0.18).

7. Conclusions & Future Work
The results of this study show no statistically significant difference in the profit margin
between the groups, which reinforces the idea of the Efficient Market Hypothesis. It appears to
be difficult to earn significantly higher amount of profit than the market average. But even
though the difference in the profitability is not statistically significant, the economic significance
can be huge. Referring to the first and the second dataset, an investor may not be able to earn a
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statistically significant amount of money, but he/she may still be able to earn more if invested in
Group 1 companies than in the Group 2 companies because the average profit margin is slightly
higher in Group 1 in both cases. Even if it is just $500 or $1000 that an individual investor may
earn, that could contribute to a huge amount economically when the earnings of all investors are
pooled together. That is something to research more in the future.
Also, to derive more accurate conclusions about the predictability of the stock prices,
future work can be done in testing the correlations between the profit margin and the stock prices
and/or calculating the price-to-earnings ratio. Researchers can also include a larger number of
companies and more time horizon for more data. Because the clustering software was not able to
include companies that had incomplete data in this paper, it left us with 13 less companies than
what we initially had for results. Whether including more companies and/or increasing the length
of time changes the results or not, it would still be interesting to see what type of clusters can be
formed. Furthermore, researchers can apply clustering to predict prices for other industries that
are not as affected by speculation as technology and compare the results.
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